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Background: Approximately 11,000 revascularization procedures, either percutaneous 
coronary interventions (PCI) or coronary artery bypass grafting surgery (CABG), are 
performed yearly in Finland for coronary artery disease. Periprocedural risk factors for 
mortality and morbidity as well as long-term outcome have been extensively studied in 
general populations undergoing revascularization. Treatment choice between PCI and 
CABG in many high risk groups and risk-stratification, however, needs clarification and 
there is still room for improvement in periprocedural outcomes.
Materials and methods: Cohorts of patients from Finnish hospitals revascularized 
between 2001 and 2011 were retrospectively analyzed. Patient records were reviewed for 
baseline variables and postprocedural outcomes (stroke, myocardial infarction, quality of 
life measured by the EQ-5D –questionnaire, repeat revascularization, bleeding episodes). 
Data on date and mode of death was acquired from Statistics Finland. Statistical analysis 
was performed to identify predictors of adverse events and compare procedures.
Results: Postoperative administration of blood products (red blood cells, fresh frozen 
plasma, platelets) after isolated CABG independently and dose-dependently increases 
the risk of stroke. Patients 80 years or older who underwent CABG had better survival at 
5 years compared to those who underwent PCI. After adjusting for baseline differences 
survival was similar. Patients on oral anticoagulation (OAC) for atrial fibrillation (AF) 
treated with CABG had better survival and overall outcome at 3 years compared to 
PCI patients. There was no difference in incidence of stroke or bleeding episodes. 
Differences in outcome remained significant after adjusting for propensity score. Lower 
health-related quality of life (HRQOL) scores as measured by the visual analogue scale 
(VAS) of the EQ-5D questionnaire at 6 months after CABG predicted later major adverse 
cardiac and cerebrovascular events (MACCE). Deteriorating function and VAS scores 
between 0 and 6 months on the EQ-5D also independently predicted later MACCE.
Conclusions: Administration of blood products can increase the risk of stroke after CABG 
and liberal use of transfusions should be avoided. In the frail subpopulations of patients on 
OAC and octogenarians CABG appears to offer superior long-term outcome as compared 
to PCI. Deteriorating HRQOL scores predict later adverse events after CABG.
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Sepelvaltimotoimenpiteiden ennusteelliset tekijät – retrospektiivisiä tutkimuksia
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Tausta: Suomessa tehdään vuosittain yli 10 000 sepelvaltimoiden pallolaajennusta (PCI) 
ja ohitusleikkausta (CABG). Toimenpiteeseen liittyviä riskitekijöitä ja pitkäaikaisennus-
tetta on tutkittu laajalti tavanomaisissa potilasaineistoissa. Toimenpidevalintaa ohjaavaa 
tietoa riskiryhmistä sekä riskinarviointikeinoja kuitenkin tarvitaan yhä ja välittömiä toi-
menpiteen jälkeisiä tuloksia voi edelleenkin parantaa.
Aineisto ja menetelmät: Vuosien 2001 ja 2011 välillä suomalaisissa sairaaloissa se-
pelvaltimoihin kohdistuvin toimenpitein hoidettuja potilaskohortteja tutkittiin taan-
nehtivasti. Potilasasiakirjoista etsittiin toimenpidettä edeltävät sairastavuustiedot, toi-
menpidejakson tiedot sekä toimenpiteen jälkeisen ajan tiedot (aivo- ja sydäninfarktit, 
uusintatoimenpiteet, verenvuodot ja EQ-5D –lomakkeella mitattu elämänlaatu). Kuo-
lintiedot haettiin Tilastokeskuksen rekistereistä. Tilastomatemaattisin keinoin selvitet-
tiin myöhäissairastavuutta ja -kuolleisuutta ennakoivat tekijät ja toimenpideryhmien 
väliset erot.
Tulokset: Leikkauksen jälkeinen verituotteiden (punasolut, jääplasma, verihiutaleet) 
annostelu lisää annosriippuvaisesti ja itsenäisesti toimenpiteen jälkeisen aivoinfarktin 
riskiä. Yli 80-vuotiaat sepelvaltimotoimenpitein hoidetut potilaat ovat todennäköisem-
min elossa ohitusleikkauksen kuin pallolaajennuksen jälkeen 5 vuoden seuranta-aika-
na. Lähtötilanteen muuttujien samankaltaistamisen jälkeen ei tullut esille eroa ryhmien 
välillä. Eteisvärinän vuoksi antikoaguloitujen potilaiden elossaolo ja haittatapahtuman 
todennäköisyys ovat paremmat ohitusleikkauksen jälkeen. Aivoinfarkteissa tai veren-
vuodoissa ei ollut eroa ryhmien välillä. Tulos säilyy propensity score -korjauksen jäl-
keen. Huonompi visual analogue scale (VAS) -arvo EQ-5D -lomakkeella mitattuna 6 
kk CABG:n jälkeen ennakoi haittatapahtumia. Huononeva VAS ja toimintakyky EQ-5D 
-lomakkeella mitattuna ennakoivat myöhempiä haittatapahtumia.
Johtopäätökset: Verituotteiden anto ohitusleikkauksen jälkeen lisää aivoinfarktin riskiä 
ja sitä tulisi pyrkiä välttämään. Tutkituissa suuren riskin potilasryhmissä (yli 80-vuoti-
aat ja eteisvärinän vuoksi antikoaguloidut) ennuste vaikutti paremmalta sepelvaltimoi-
den ohitusleikkauksen kuin pallolaajennuksen jälkeen. Huononeva elämänlaatu EQ-5D 
-mittarilla arvioituna ennustaa ohitusleikkauksen jälkeisiä haittatapahtumia.
Avainsanat: sepelvaltimoiden katetritoimenpide, sepelvaltimoiden ohitusleikkaus, ikä yli 80 
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ACC American College of Cardiology
ACS Acute coronary syndrome
ADL Activities of daily living
AF Atrial Fibrillation
AHA American Heart Association
AMI Acute myocardial infarction
ASA Acetylsalicylic acid a.k.a. aspirin
ASCERT ACCF and STS Database Collaboration on the Comparative 
Effectiveness of Revascularization Strategies -study
CABG Coronary artery bypass grafting
CAD Coronary artery disease
CART Classification and regression tree (also known as binary recursive 
partitioning)
CHD Coronary heart disease
CI Confidence interval
COPD Chronic obstructive pulmonary disease
COURAGE Clinical Outcomes Utilizing Revascularization and Aggressive Drug 
Evaluation study
DES Drug eluting stent
EACTS European Association for Cardio-Thoracic Surgery
EF Ejection fraction
ESC  European Society of Cardiology
FAME Fractional flow reserve (FFR) vs. Angiography in Multivessel 
Evaluation trial
FFR Fractional flow reserve
FREEDOM Future REvascularization Evaluation in patients with Diabetes mellitus 
trial
HR Hazard ratio
HRQOL Health related quality of life
IHD Ischemic heart disease
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INR International normalized ratio
LAD Left anterior descending coronary artery
LIMA Left internal mammary artery
LITA Left internal thoracic artery
LVEF Left ventricular ejection fraction
MACE Major adverse cardiac event
MACCE Major adverse cardiac and cerebrovascular event
NSTEMI Non ST -segment elevation myocardial infarction
OAC Oral anticoagulation
OR Odds ratio
PCI Percutaneous coronary intervention
QOL Quality of life
RBC Red blood cell
STEMI ST -segment elevation myocardial infarction
STS Society of  Thoracic Surgeons
SYNTAX SYNergy between PCI with TAXUS and Cardiac Surgery -trial
TIA Transient ischemic attack
UAP Unstable angina pectoris
VAS Visual analogue scale
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Coronary artery disease (CAD) is the leading cause of death in the world in general 
(Lopez et al 2001) and in Finland in particular (Statistics Finland). In the 1960s Finland 
had the highest mortality in the world due to CAD (Vartiainen et al 2010). Since then the 
mortality has sharply decreased owing greatly to an improvement in risk factor profiles 
(Ford et al 2007, Vartiainen et al 2000 and 2010). Despite the declining mortality there 
were still 11767 deaths in Finland in 2010 due to ischemic heart disease accounting for 
23,1 % of the overall mortality (Statistics Finland). 
The reduction of mortality combined with an overall increase in incidence mirrors a 
changing pattern of CAD; acute ST elevation myocardial infarction is decreasing in 
incidence and myocardial infarctions in general are less often fatal (Krumholz et al 2009, 
McManus et al 2011, Movahed et al 2009, Schmidt et al 2012, Smolina et al 2012). 
The encouraging progress made in mortality is offset by an increasing incidence of 
cardiovascular disease (Ford et al 2007, Kattainen et al 2006).
The socioeconomic burden caused by CAD remains substantial; out of 5 400 519 Finns 
(Väestörekisterikeskus, accessed 30.11.2011) 186 687 were on medication for chronic 
coronary artery disease (KELA, Kelasto-database 2011, accessed 27.6.2012) with a 254 
360 699 euros/year expenditure for cardiovascular medication alone. Even as progress 
has been made, mortality for acute coronary syndromes still remains high (Nikus et al 
2007). The need for invasive diagnostics and treatment is considerable and growing. 
This can be seen in Finland as 23 000 coronary angiograms, almost 9 000 percutaneous 
coronary interventions and over 2000 coronary artery bypass operations were performed 
in 2010 (Mustonen et al 2011).
Coronary heart disease is a process that begins in childhood and progresses into manifest 
disease over several decades’ time (McGill et al 2000). The incidence at a population 
level can be explained to a large extent by several known risk factors identified already 
in 1961 in the pivotal Framingham study (Kannel et al 1961), many of these factors have 
been verified time and again and many have been found modifiable as well as predictive 
of progression (Batsis et al 2010, DeFilippis et al 2011, Lopez et al 2001, and Yusuf 
et al 2004). Some major risk factors (e.g. alcohol consumption, tobacco smoking) can 
be regulated by legislative and educational measures effectively, while others such as 
obesity are increasing in prevalence despite growing concern and efforts (Berghöfer 
et al 2008, Kautiainen et al 2002) . Several contributing factors such as elevated blood 
pressure, diabetes and high cholesterol can be managed medically and the mortality of 
patients who are known to be at risk can be reduced with optimal treatment (Capewell 
et al 2010). Coordinated changes in nationwide policy have proven highly effective 
at least in Finland as proven by an 85% reduction in coronary heart disease with the 
implementation of the interventional measures adopted from the North Karelia Project 
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(Vartiainen et al 2010). This highlights the effectiveness of a concerted primary and 
secondary prevention endeavour by the public and private sectors, non-governmental 
organizations and policy-makers (Pietinen et al 1988, Puska et al 2010 and Salonen et 
al 1989).
Between 1980 and 2000 of the 47 % reduction in mortality for patients with CAD related 
to treatment, 5 % could be attributed to coronary revascularization for chronic angina 
and 10 % to initial treatment of acute coronary syndromes (myocardial infarction and 
unstable angina) (Ford et al 2007). Secondary prevention and management of population 
level risks are thus of paramount importance for the general public. For the individual 
patient for whom the risk has actualized, the value of invasive treatment and possible 
interventions, however, becomes vital. Although there is solid data in a general CAD 
population on the risk factors influencing choice and outcome of invasive treatment 
(Nashef et al 2012, Task Force on Myocardial Revascularization of the European 
Society of Cardiology and the European Association for Cardio-Thoracic Surgery 2010), 
it is equally well known that patient specific set (age, sex, comorbidities) (Nashef et al 
2012) and modifiable characteristics (periprocedural medication and treatment, lifestyle, 
specific techniqual aspects such as choice of implant and grafts) (Griffo et al 2013, Lytle 
et al 2004) may largely alter the picture.
These studies focused on the the periprocedural choices of treatment and their impact on 
the outcome of patients in need of coronary revascularization. Additionally, these studies 
aim to identify clinically applicable predictors of later adverse outcome.
 Review of the Literature 13
2. REVIEW OF THE LITERATURE
2.1 Invasive treatment of coronary artery disease
2.1.1 History of coronary artery bypass grafting (CABG)
Alexis Carrel, a French surgeon and biologist, is widely accepted as the first to describe 
the principles required for coronary artery bypass grafting. He was awarded the Nobel 
prize in Physiology or Medicine in 1912 for his work (Carrel 1910). Carrel, however, 
lacked many key technical advances required to support the clinical application of his 
methods, and it was not until the late 1940s to early 1960s that several pioneers like 
Vineberg in Canada (Vineberg 1949), Kolesov in the USSR (Kolesov et al 1965) and 
DeBakey as well as Garret (Garrett et al 1973) in the United States started experimenting 
on human subjects. The first successful coronary artery bypass operation in a human 
patient was done by Robert Goetz in 1960 (Konstantinov  2000). The first CABG program 
is credited to Favaloro in Cleveland, USA, starting with saphenous aortocoronary 
grafting in 1967 (Favaloro 1969). In the 1970s and 1980s, several landmark studies 
(European Coronary Surgery Study Group 1982, Takaro et al 1976 and The Veterans 
Administration Coronary Artery Bypass Surgery Cooperative Study Group 1984), 
most notably CASS (CASS investigators 1984), described the effectiveness of CABG 
especially compared to medical treatment and essentially delineated the indications for 
invasive treatment of CAD. The use of the left internal mammary artery (LIMA or LITA, 
left internal thoracic artery) as graft to the left anterior was first performed by Kolesov 
and popularized in the west by Green (Green et al 1970). Already in the 1980s patency 
rates over 10 years of up to 90% were reported with LIMA -grafts, and a survival 
benefit as compared to saphenous vein grafts in the 1990s consequently entailing the 
nearly universal adoption of the LIMA as the primary graft usually on the left anterior 
descending coronary artery (LAD) (Cameron et al 1996, Loop et al 1986 and Lytle et 
al 1985). The most frequently used secondary graft in coronary surgery is the great 
saphenous vein (lat.: vena saphena magna) mainly due to the ease of its harvesting and 
usually sufficient available length. Its patency, however, is considered inferior to arterial 
grafts (e.g. radial artery, right internal mammary artery) in many studies (Bartnes 2013, 
Kurlansky et al 2010 and Lytle et al 2004), although several recent studies have shown 
good results with careful harvesting techniques and postoperative care (Hayward et al 
2010, Johansson et al 2010) and it appears that the technique used for vein harvesting 
is an important determinant of vein graft patency (Dashwood et al 2007 and 2009, 
Ouzounian et al 2010, Parang et al 2009 and Soyombo et al 1993). There are, however, 
several studies showing a survival benefit in the long term with arterial grafts over 
saphenous veins as secondary grafts (Locker et al 2012, Pick et al 1997, Taggart et al 
2001a and Zacharias et al 2004).
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2.1.2 History of percutaneous coronary interventions (PCI)
The prerequisite for percutaneous coronary interventions was the technique of selective 
coronary angiography, accredited to Charles Dotter, an American radiologist often 
referred to by the monicker “Father of interventional radiology”. Dotter was the first 
to treat arterial stenosis by remodelling the artery with a catheter based approach in a 
patient with lower limb ischemia and reported the results in 1964, calling his technique 
transluminal angioplasty (Dotter et al 1964). Balloon angioplasty of peripheral arterial 
lesions was performed by Grüntzig in 1974 and in coronary arteries in 1977 (Grüntzig et 
al 1979) leading to the emergence of interventional cardiology. Balloon angioplasty 
was associated with a risk of abrupt closure and restenosis of the treated vessel and 
subsequently there was a surge in development leading to the refinement of percutaneous 
techniques. For example the Gianturco-Roubin (Steenkiste et al 1991) and Palmaz-
Schatz (Schatz et al 1991) coronary stents were introduced in the 1990’s showing a 
lower risk of abrupt closure and restenosis as compared to angioplasty alone leading to 
widespread adoption of intracoronary stenting. (Fischman et al 1994, Hearn et al 1993 
and Serruys et al 1994). Instent restenosis has been recognized as a factor affecting long 
term outcome and has been greatly reduced with the introduction of drug eluting stents 
(DES) (Rensing et al 2001). Although the incidence of restenosis has been reduced, stent 
thrombosis remains an issue. This is a phenomenon related exclusively to stenting,  but 
coronary bypass grafts are also prone to occlusion although this appears to translate into 
less clinical evidence (Farooq et al 2013b).
2.1.3 Contemporary rationale for invasive treatment of coronary artery disease
The rationale behind indications for modern invasive treatment of stenotic or 
obstructed coronaries was widely accepted after Gould and Lipscomb described 
the effect of luminal narrowing on blood flow in a dog model in 1974 (Gould et al 
1974a and 1974b). They showed that a 50 % reduction in diameter impaired maximal 
vasodilation and a narrowing of 85 % or more resulted in impaired blood flow at rest 
(Gould et al 1974a and 1974b). This translates clinically into the generally accepted 
thresholds of significance of maximal anatomical narrowing of vessel diameter as 
seen on the coronary angiography of 50% or more in the left mainstem coronary 
artery or 70% or more in an epicardial location. In general, however, stable angina 
pectoris or stable CAD, is treated primarily with a conservative approach (Fihn et al 
2012). In other words most of these patients are deemed at a relatively low risk for 
complications and treated with optimal medical therapy and lifestyle counselling. The 
most compelling basis for this is the COURAGE-study, which as a summary showed 
that treating stable CAD routinely with PCI confers no benefit to patients (Boden et al 
2007, Teo et al 2009). It was, however, previously shown that a functional approach to 
coronary lesions might be beneficial, i.e. targeting only stenoses that are significant on 
pressure guidewire measurement on coronary angiography (based on Fractional Flow 
Reserve, FFR) and not only significant based on visual assessment (Pijls et al 2007). 
Consequently the FAME 2 study was launched in order to compare optimal medical 
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treatment and FFR -guided PCI in patients with stable CAD (De Bruyne et al 2012). 
The study was stopped short due to the considerable 8-fold difference in emergent 
revascularization in favour of the PCI -treated group. These results corroborate that 
inducibility and extent of ischemia are the drivers of outcome in stable disease (Metz 
et al 2007). It has recently been proposed that an FFR-guided approach to coronary 
surgery might also be useful (Toth et al 2013).
Acute manifestations of coronary artery disease, i.e. so called acute coronary syndromes 
(ACS), namely unstable angina pectoris (UAP), non-ST -segment elevation myocardial 
infarction (NSTEMI) and ST-elevation myocardial infarction (STEMI) are potentially 
life-threatening emergencies and restoration of blood flow is promptly needed; in-
hospital mortality rates are 3% for UAP, 6% for NSTEMI and 7% for STEMI (Steg et al 
2002). In ACS and STEMI the benefit of early revascularization in general is regarded 
unequivocal as demonstrated by both the American College of Cardiology/ American 
Heart Association (ACC/AHA) and European Society of Cardiology (ESC) guidelines 
on treatment of these conditions (Antman et al 2008, Braunwald et al 2000 and Hamm et 
al 2011) although the specific strategies are under constant investigation and debate. The 
choice and timing of revascularization is complicated by several factors: the extent and 
severity of coronary involvement (PCI or CABG preferred), the hemodynamic stability 
of the patient (ad hoc PCI needed or not) and a myriad of other case-specific issues. 
As a crude simplification, however, hemodynamically compromising culprit lesions are 
treated with immediate PCI and definitive treatment mirrors the management of stable 
coronary disease, i.e. lesion anatomy dictates the choice of revascularization (Fihn et al 
2012). 
At the time of this study, the most recent guidelines for treatment of stable coronary artery 
disease are from 2012 by the ACC/AHA (Fihn et al 2012), and the ESC guidelines for 
myocardial revascularization are from 2010 (Task Force on Myocardial Revascularization 
of the European Society of Cardiology and the European Association for Cardio-Thoracic 
Surgery EACTS 2010). These guidelines and clinical practice are further supported by 
evidence from older (Pocock et al 1995) and newer large randomized (most notably 
the SYNTAX study) and non-randomized studies (ASCERT, FREEDOM) (Weintraub 
et al 2012, Farkouh et al 2012). 5-year results from SYNTAX show that CABG remains 
the first choice for complex coronary artery disease and complex left main and PCI is 
valid in cases of less complicated lesion anatomy (Mohr et al 2013). ASCERT was a 
study comparing PCI and CABG in a retrospective registry setting encompassing 86,244 
isolated coronary artery bypass grafting patients aged ≥65 years and 103,549 patients 
who underwent PCI (Weintraub et al 2012). Propensity score matching was used to 
overcome baseline differences. ASCERT showed that in stable angina CABG confers a 
survival benefit in multivessel disease. Results for the FREEDOM trial (Farkouh et al 
2012) were in line with older studies concerning diabetics, such as for example BARI 
(BARI investigators 1996 and 2007, Feit et al 2000), CABRI (Kurbaan et al 2001) and 
EAST (King et al 2000). FREEDOM enrolled 1900 patients with diabetes and coronary 
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artery disease, a majority of whom had three-vessel disease, to treatment with CABG 
surgery or PCI with sirolimus-eluting and paclitaxel-eluting stents.At 5-years follow-up 
freedom from the primary endpoint as well as survival were better for the CABG group 
again indicating that CABG is still the primary choice for diabetics with CAD (Farkouh 
et al 2012).
2.2 Postprocedural outcomes and risk factors
There are a multitude of more and less pertinent outcomes that can be used to measure 
the success of coronary revascularization or any other invasive treatment. This study 
focuses on only a few outcomes and their risk factors and predictors, with the main 
interest being on postprocedural stroke, bleeding, quality of life and survival.
2.2.1 Age
Age is a significant predictor of adverse outcome and mortality in a multitude of diseases 
at both ends of the spectrum. Although the elderly are generally considered at risk for 
adverse outcomes, at least in CAD young age can be a predictor of poor outcome possibly 
due to a more aggressive disease and important baseline morbidity as well as suboptimal 
adherence to treatment and counseling (Biancari et al 2014).
Old age often comes with increasing comorbidities and in itself is a risk factor (Turrentine 
et al 2006), but it is becoming apparent that age alone is not the driver of survival even 
in the very old as demonstrated by research (Abel et al 2013, Leahy et al 2005, Markar 
et al 2013, Santarpino et al 2013). Advancing age naturally entails a diminishing life 
expectancy, although for example the life expectancy for octogenarians ceases to diminish 
as quickly as before 80 years of age alluding to a considerable diversity in general health 
in this age group (Statistics Finland, Social Security Administration USA). Frailty, 
characterized by deficits in functioning, such as slow movement and impairments in the 
activities of daily living (ADL), has been demonstrated to be an important predictor of 
survival in the elderly in general as well as in old people with cardiovascular disease or 
interventions (Bravell et al 2008, Ekerstad et al 2011, Fries et al 2005, Klein et al 2005, 
Partridge et al 2012, Sirola et al 2011).
Elderly patients are a growing population in Western countries and the projected 
worldwide estimate for increase in this age group between 2000 and 2050 is 5.5-fold 
amounting to almost 400 million people (United Nations). Taking into consideration 
that increasing age means increasing prevalence of coronary artery disease and acute 
coronary syndromes as well as the overall increase in prevalence of cardiovascular 
disease, this population of octogenarians will make up a large body of patients referred 
for revascularization (British Heart Foundation 2010, Ford et al 2007, Kattainen et al 
2006, Krumholz et al 2009, Movahed et al 2009).
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2.2.2 Atrial fibrillation
Atrial fibrillation (AF) is a supraventricular heart rhythm abnormality characterized 
by very rapid atrial frequency and irregular ventricular contraction activity due to 
fluctuation of atrioventricular electrical impulse conduction (Raatikainen and Huikuri 
2008). Typical electrocardiogram findings are an uneven baseline and indistinguishable 
normal P -waves.
Atrial fibrillation is the most commonly encountered arrhythmia in clinical practice and 
it is estimated that 1 in 4 persons will develop AF during their lifetime after 40 years of 
age (Lloyd-Jones et al 2004). It is estimated that the incidence of AF will double in the 
United States by 2050 and in the European Union from 2010 to 2060 (Benjamin et al 
1998, Go et al 2001 and Krijthe et al 2013). AF in a general population is a risk factor for 
mortality accounting for a 50-90% increase in deaths (Benjamin et al 1998, Mehta et al 
2003) and a well described cause of cerebrovascular events such as stroke and transient 
ischemic attack (TIA) (Hart et al 2000 and 2003).
Postoperative AF after cardiac surgery is present in 5.5% to 57% (Buffolo et al 1996, 
Helgadottir 2012 and Patti et al 2006) and has been identified as a risk factor for poorer 
survival and stroke after CABG (Ad et al 2009, Attaran et al 2011, Biancari et al 2011, 
Helgadottir et al 2012, Fukahara et al 2010, Lahtinen et al 2004 and Villareal et al 2004). 
AF has also been shown to have a negative impact on prognosis after PCI (Kinjo et al 
2003, Lopes et al 2009 and Ruiz-Nodar et al 2009,).
In patients undergoing coronary revascularization, AF is present preprocedurally in 
approximately 5% of patients (Ad et al 2009, Attaran et al 2011, Fukahara et al 2010, 
Lopes et al 2009 and Rubboli et al 2009). The presence of preprocedural AF has also 
been identified as a harbinger of diminished survival postprocedurally (Ad et al 2009, 
Attaran et al 2011, Biancari et al 2010, Fukahara et al 2010, Kinjo et al 2003 and Ngaage 
et al 2007). There has been thus far a paucity of comparative data between PCI and 
CABG in patients on oral anticoagulation (OAC).
2.2.3 Bleeding
Bleeding events after coronary interventions occur with varying severity after coronary 
interventions (Herman et al 2010, Ndrepepa et al 2014). Serious bleedings such as 
intracranial and fatal bleeds are immediately catastrophic, but minor bleeding episodes 
have a negative impact on prognosis as well after both conservative and interventional 
treatment (Eikelboom et al 2006, Spencer et al 2007, Yoon et al 2013). Several 
antithrombotic drugs are in routine use periprocedurally in coronary interventions and are 
associated with more or less significant risks of bleeding events; aspirin (acetylsalicylic 
acid a.k.a. ASA) and thienopyridines (P2Y12 –inhibitors) are used to prevent stent 
thrombosis after PCI or as secondary prevention after ACS (Tanguay et al 2013) and are 
consequently common also in patients undergoing CABG with recently deployed stents.
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2.2.3.1 Warfarin
It is estimated that about 6% of patients undergoing revascularization are on OAC with 
warfarin (Serruys et al 2009, Tanaka 2012). Warfarin is a widely used anticoagulant. 
Its mechanism of action is the inhibition of vitamin K -dependent synthesis of calcium 
dependent clotting factors II, VII, IX and X as well as regulatory proteins C, S and 
Z resulting in inhibited red blood cell (RBC) aggregation and effectiveness especially 
in settings of low blood flow (Ansell et al 2008). Warfarin is a slow acting drug with 
a relatively long half-life and a somewhat narrow therapeutic window. Consequently 
warfarin requires regular monitoring through blood sampling to maintain an optimal 
anticoagulation level as measured by the international normalized ratio (INR) 
(Freedman et al 1992). Warfarin is an important risk factor for bleeding episodes, which 
is an inevitable side effect of its desired action, i.e. anticoagulation for prevention of 
thromboembolic complications such as stroke.  Reports on bleeding episodes related to 
warfarin in noninterventional populations vary from 4.7-16.5/100 person years for all 
bleeding episodes (DiMarco et al 2005, Hylek et al 2007, Palareti et al 1996, van der 
Meer et al 1993) to 0.45-0.47/100 person years for intracranial hemorrhages (Go et al 
2001 and 2003, Palareti et al 1996). Variations in reporting of all bleeding events are 
probably mostly due to differences in definition of bleeding and accuracy of registry data 
especially in retrospective studies (Go et al 2003).
Incidence of late bleeding after PCI in patients on warfarin has been reported between 
7.5% and 12.3% (Annala et al 2012, Karjalainen et al 2007, Orford et al 2004, Ruiz-
Nodar et al 2009). DeWilde et al (2013) reported 1-year bleeding rates of 19.4% and 
44.4% after PCI for patients on OAC and clopidogrel and patients with triple therapy 
(OAC+clopidogrel+aspirin) respectively. Up to one half of bleeding episodes are fatal 
on triple therapy (rogacka et al 2008). Coronary surgery has been shown to be relatively 
safe during OAC (Airaksinen et al 2011, Biancari et al 2010), but data on later bleeding 
outcomes are lacking.
2.2.3.1 P2Y12 -inhibitors
P2Y12 is a protein that is expressed mainly but not solely on the surface of platelets 
and it regulates blood clotting (Dorsam et al 2004) making its inhibitors effective 
antithrombotic drugs. The inhibitor binds irreversibly to ADP -receptors on the 
platelet’s surface resulting in inhibition for the duration of said platelet’s lifespan 
(7-10 days) (Hashemzadeh et al 2009). Several P2Y12 -inhibitors (or ADP -receptor 
inhibitors), most prominently clopidogrel, ticagrelor, cangrelor and prasugrel, are 
available for clinical use. Inevitably effectiveness in antithrombosis and secondary 
prevention (Tang et al 2014) results in an increase in bleeding events; up 5.5% and 
5.6% for clopidogrel and prasugrel respectively at 1 year (Brener et al 2014). A recent 
meta-analysis found similar major bleeding rates after PCI for novel P2Y12 –inhibitors 
(prasugrel, ticagrelor, cangrelor)  and clopidogrel (Tang et al 2014). Bleeding rates after 
CABG in patients treated with thienopyridines are high i.e. in the 10-15% range and up 
to 41% (Hansson et al 2014, Smith et al, Tang et al 2014). When comparing different 
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P2Y12 –inhibitors the rates of postoperative bleeding events, however, are similar for 
ticagrelor and clopidogrel (Hansson et al 2014) and prasugrel and clopidogrel (Smith 
et al 2012) and similar for the intravenous inhibitor cangrelor and placebo (Angiolillo 
et al 2012). 
2.2.3.1 Acetylsalicylic acid (ASA)
Acetylsalicylic acid or ASA is drug first synthesized by German chemist Felix 
Hoffmann in 1897 (Sneader 2000) and was long widely used mainly for its analgesic 
potential mediated by cyclo-oxygenase-2 (COX-2) inhibition. It also has an 
antiplatelet function mediated by inhibition of cyclo-oxygenase-1 (COX-1) which 
prevents enzymatic formation of thromboxane which in turn normally binds platelets 
together for clot formation and is a vasoconstrictor (Nagelschmitz et al 2014). These 
effects have contributed to the wide adoption of ASA as a gold standard in primary 
and secondary prevention of cardiovascular events (Berger et al 2006, Patrono et 
al 2004) although the evidence in secondary is more robust and the antithrombotic 
benefit outweighs the bleeding risk at conventional doses (Berger et al 2012). ASA 
after CABG has also been proven beneficial in preventing death and ischemic events 
(Antithrombotic Trialists’ Collaboration 2002). Bleeding rates for ASA after treatment 
of ACS are significant; up to 4.8% at 12 months after stenting and up to 10.7% after 
medical treatment (Berger et al 2012). ASA is also a well described predictor of 
postoperative bleeding after CABG (Sun et al 2008), but data on bleeding after CABG 
in the long term is lacking.
2.2.4 Stroke
Aside from death, cerebrovascular adverse outcomes are the most dreaded complications 
after coronary procedures. The etiology of early postoperative stroke is thought to be 
related to aortic manipulation and subsequent atheromatous and other embolization, 
although specifically after PCI some of the strokes are rather hemorrhagic than 
thromboembolic in nature (Dukkipati et al 2004, Guptill et al 2013, Korn-Lubetzki 
et al 2013, Taggart et al 2001b). Late strokes on the other hand are more related to 
postoperative comorbidities such as old age, chronic obstructive pulmonary disease 
(COPD) and carotid artery disease (Schachner et al 2005) Large studies in the recent 
decades that have compared outcomes after PCI and CABG have also reported on 
stroke rates following both procedures. Of the recent studies, SYNTAX and a study 
from California described a 2-4 -fold risk of stroke both in the early postoperative (30 
days) and late periods after CABG compared to PCI (Mohr et al 2013, Rudersdorf et al 
2013), while ARTS and BARI described similar stroke rates (BARI investigators 1996, 
Unger et al 2003). A recent meta-analysis aimed at elucidating the issue of stroke after 
revascularization concluded that 30-day stroke rates were significantly lower with PCI 
(odds ratio 0.39), but there is still a paucity of studies on comparative late stroke rates 
(Palmerini et al 2013).
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2.2.5 Repeat revascularization and myocardial infarction
Generally the most consistent differences seen between PCI and CABG in the long 
run are, firstly, the larger need for subsequent revascularization after percutaneous 
interventions and secondly, a higher rate of acute myocardial infarction (AMI) 
after PCI (Mohr et al 2013, Rudersdorf et al 2013). Partly the higher rates of repeat 
revascularization and AMI after PCI are explained by the incidence of instent restenosis 
and stent thrombosis. On the other hand the higher rate of reintervention and infarction 
might also be explained by the higher rate of incomplete revascularization with PCI 
seen in many studies with significant lesions developing in the untreated vessels 
(Farooq et al 2013a, Gao et al 2013, Ong et al 2006).  In recent decades it has been 
shown that the use of drug eluting stents has reduced the rate of repeat revascularization 
due to a reduction in instent restenosis compared to bare metal stents (Kastrati et al 
2007, Valgimigli et al 2014) and that the need for reintervention is a driver of adverse 
outcome. Disappointingly studies have failed to show a reduction in hard endpoints 
such as death and major adverse cardiac events (MACE) with the use of DES (Kastrati 
et al 2007).
2.2.6 Health-related quality of life after cardiac interventions
Contemporary results for CABG and PCI are excellent and constant efforts are underway 
to improve outcomes as measured by so-called hard endpoints such as those described in 
previous paragraphs. Consequently there has been an increased focus on health related 
quality of life (HRQOL) in the last 10 to 15 years. HRQOL, as generally agreed upon, 
is defined as the functional effect of a medical state and/or its treatment on the patient 
and is thus a subjective and multifaceted measure including both function in daily life 
and occupation, psychosocial well-being and somatic sensations (Cella 1995, Guyatt et 
al 1993). The World Health Organization defined HRQOL in 1997 as an “individuals 
perception of their position in life in the context of the culture and value systems in 
which they live and in relation to their goals, expectations, standards and concerns”. 
Interest in HRQOL in addition to concern about the quality of life of patients per se is 
also partly explained by the many aspects of HRQOL that are indicators of functional 
status. Poor functional status in turn translates into an increased need for supportive 
measures or supported living which again is linked to rising expenditures in health care 
(Maciejewski et al 2009, Perrin et al 2011).
A plethora of HRQOL outcome measures have been used in cardiovascular diseases 
(Swenson et al 2000), one of the widely used in Europe being the EuroQOL-5D or 
EQ-5D -questionnaire (available from the official internet site www.euroqol.org). The 
EQ-5D is attractive because it is simple and short, making it easy to administer and it 
has been validated in cardiovascular disease (Ellis et al 2005). The EQ-5D consists of 
two sections. The first section measures five core domains: Mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression. Each domain consists of three levels: 
no problems (0), some problems (1) and severe problems (2). The second section of the 
 Review of the Literature 21
European Quality of life is a vertical visual analogue scale (VAS) ranging from 0 to 100, 
with 0 representing the worst and 100 the best imaginable health state.
Although cardiac surgical operations are major operations and entail loss of function 
and a slump in HRQOL in the early postoperative period, the HRQOL results in the 
long term after cardiac surgery are very good (Cohen et al 2011, Järvinen et al 2013). 
Even the very elderly, i.e. octogenarians and nonagenarians,  have an improved quality 
of life after cardiac surgery (Baig et al 2013, Caceres et al 2013, Deutsch et al 2013). 
A recent systematic review (Jokinen et al 2010) on HRQOL after CABG reviewed 21 
randomized controlled trials comparing HRQOL after off-pump and on-pump CABG; 
all the studies demonstrated an improvement in scores after CABG but neither of the 
approaches proved superior. Interestingly, the gain in quality of life appears driven by 
relief of angina and improved function. Although comparative studies specifically on 
HRQOL after CABG and PCI are scarce, it appears that they confer similar results after 
6 to 12 months after the initial slump for CABG (Cohen et al 2011, Loponen et al 2009 
and Rittger et al 2011) thus implying that cardiac interventions not only affect the length 
of life but also its quality.
2.2.7 Other risk factors for adverse postprocedural outcomes
Cardiovascular risk factors in general are numerous and well described; age, smoking, 
excessive alcohol consumption, obesity, hypercholesterolaemia, diabetes, peripheral 
arterial disease (PAD), chronic kidney disease, chronic lung disease and hypertension 
being among the most important (Batsis et al 2010, DeFilippis et al 2011, Go et al 2004, 
Kannel et al 1961, Kaplan 1989, Lopes et al 2006, Sin et al 2005 and Yusuf et al 2004). 
Most of these are also significant predictors of early adverse outcomes after invasive 
treatment (Acharjee et al 2013, Biondi-Zoccai et al 2012, Brener et al 2004, Campo 
et al 2013, Nashef et al 2012, Shahian et al 2009). In addition to the aforementioned 
general risk factors for cardiovascular events, several factors pertinent to the urgency 
and preoperative presentation of patients referred for revascularization affect outcome, 
for example: urgency (Nashef et al 2012, Romagnoli et al 2009, Shahian et al 2009), 
ventricular function as measured by ejection fraction (Biondi-Zoccai et al 2012, Brener 
et al 2004, Mancini et al 2014, Nashef et al 2012, Shahian et al 2009) and indicators of 
critical preprocedural status (Nashef et al 2012, Shahian et al 2009)
2.2.8 Risk scores in cardiac surgery
Cardiac surgeons have long been at the forefront of systematic procedural data collection 
and reporting of results; the Society of Thoracic Surgeons (STS) Database since 1990 
(Grover etal 1996), the New York State cardiac surgery registry since 1990 (Hannan et 
al 2012) and the European Association for Cardio-Thoracic Surgery and the Society of 
Thoracic Surgeons Congenital Heart Surgery Database originating from the European 
database from 1992 (Jacobs et al 2005) among the most prominent examples of registries. 
Based on the large body of of preoperative and outcome data obtained from these and 
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other registries several validated risk scores i.e. risk stratification algorithms have 
been devised to encompass several separate cardiovascular and operative risk factors 
into one predicted risk. Debatably, the most frequently used risk algorithm for cardiac 
surgery in Finland is the EuroSCORE II (Nashef et al 2012). EuroSCORE II predicts 
operative (30 day) mortality after cardiac surgery with very good accuracy based on 
18 variables (preoperative comorbidities, functional status, urgency and stability or 
lability of preoperative state as well as type and extent of intervention) and it has been 
validated in a Finnish CABG population (Biancari et al 2012). Other risk scores are 
more frequently used in the United States, most notably the STS risk prediction model 
(Shahian et al 2009). The STS risk prediction model differs from EuroSCORE II in that 
it also provides predictions for non-fatal postoperative complications but tends to give 
a higher estimate of mortality (Kunt et al 2013). Less frequently used risk prediction 
models are for example the Parsonnet score (Parsonnet et al 1989) and the Cleveland 
Clinic risk model (Higgins et al 1992).
EuroSCORE II, although intended for the prediction of postoperative outcome in cardiac 
surgery, might be useful for risk prediction after percutaneous interventions as well 
(Zhao et al 2013). Cardiologists, however, prefer the ACEF (Age, creatinine and ejection 
fraction) (Biondi-Zoccai et al 2012) and SYNTAX (Capodanno et al 2011) scores for 
risk prediction after PCI.
 Aims of the Study 23
3. AIMS OF THE STUDY
The purpose of this study was to investigate the prognostic effect of patient-related 
risk factors, perioperative management, choice of coronary revascularization and their 
interplay as well as to identify predictors of late morbidity and mortality.
The specific questions this study addressed were:
1.  Does the administering of blood products have an impact on the incidence of 
postoperative stroke after coronary artery bypass grafting and is the effect dose-
dependent?
2.  What is the mid-term survival in octogenarians after coronary revascularization 
and does either PCI or CABG offer a superior outcome?
3.  What is the mid-term outcome of patients on oral anticoagulation for atrial 
fibrillation treated with PCI or CABG and do thromboembolic and bleeding 
issues play a significant role?
4.  Does CABG affect health-related quality of life (HRQoL) measured by the 
EuroQOL-5D (EQ-5D) outcome measure at 6 months compared to baseline 
values and do the scores and changes correlate with clinical endpoints?
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4. MATERIALS AND METHODS 
4.1 Patient populations
The present study included patients treated invasively for CAD with PCI and stenting 
or isolated CABG between January 2001 and December 2011 at four Finnish Hospitals: 
Oulu University Hospital, Satakunta Central Hospital, Turku University Hospital 
and Vaasa Central Hospital. Indications for treatment were stable angina pectoris or 
acute coronary syndrome along with significant 1-, 2- or 3-vessel disease on coronary 
angiograms. 1-, 2- and 3-vessel diseases are defined in all substudies as stenosis of ≥70% 
diameter in an epicardial location in the main vessels or their significant tributaries (right 
coronary artery, left circumflex artery and/or left anterior descending artery). Left main 
stenosis was defined as ≥50% stenosis of the left mainstem coronary artery.
Study I included 2226 patients who underwent isolated CABG at Oulu and Turku 
University Hospitals and Vaasa Central Hospital between January 2008 and December 
2010 and for whom complete data on preoperative blood product use (platelets, red 
blood cells and solvent/detergent treated plasma) was available.
Study II consisted of 274 consecutive octogenarians (≥80 of age) who underwent isolated 
CABG at Oulu and Turku University Hospitals between January 2001 and January 2011 
as well as 393 octogenarians who underwent PCI at Turku University Hospital between 
January 2002 and January 2011. The starting date for PCI data collection differed from 
that for CABG due to the fact that records for PCI and angiographies in general were not 
collected prior to 2002.
The third study population comprised of 121 consecutive CABG patients treated at Oulu 
and Turku University Hospitals between January 2004 and December 2010 and 301 
PCI patients from Oulu and Turku University Hospitals and Vaasa Central Hospital who 
were on oral anticoagulation with warfarin for atrial fibrillation preprocedurally.
Study IV included all 699 patients who underwent isolated CABG at Turku University 
Hospital during the years 2008 to 2010, 404 of whom filled out the EQ-5D -questionnaire 
both at baseline and 6 months (59.2% response rate) and were further analyzed.
All studies were approved by institutional review boards of either Oulu or Turku 
University Hospital districts.
4.2 Description of procedures
CABG procedures were performed from median sternotomy on cardiopulmonary bypass 
or as off-pump surgery based on anatomical consideration (e.g. in cases of calcified 
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ascending aorta) and the individual surgeon’s preference and experience. The left 
anterior descending artery was preferably grafted with the LIMA when feasible and 
secondary grafts were arterial or venous based on availability and the operating surgeons 
choice. Systemic heparinization was administered to achieve an activated clotting time 
over 400 seconds before institution of bypass or grafting in case of off-pump surgery. 
Protamine sulphate (1.5-3.0 mg/kg) was administered at the end of surgery to neutralize 
heparin. Tranexamic acid was used at the anesthesiologists discretion. Blood products 
(Octaplas®, red blood cells and platelets) were administered based on bleeding, 
international normalized ratio (INR) and whole blood counts. Clopidogrel and aspirin 
were discontinued 5 to 7 days prior to surgery unless surgical intervention could not 
be postponed. Warfarin was mainly discontinued for 2 days prior to CABG without 
heparin bridging. Enoxaparin 40-80 mg subcutaneously was started for all patients on 
the evening of surgery and warfarin was started on the first postoperative day when 
indicated. Postoperative clopidogrel at 75 mg per day was started in patients when 
indicated by recent coronary stenting or ASA allergy.
All PCI procedures in this data included stenting with bare metal stents or drug eluting 
stents based on the clinical scenario and the treating cardiologist’s discretion. Radial or 
femoral artery access was used according to the cardiologist’s preference. Uninterrupted 
oral anticoagulation was used for patients with an indication for warfarin. Glycoprotein 
IIb/IIIa inhibitors and bivalirudin were used periprocedurally at the treating physicians 
discretion. Preprocedural clopidogrel and ASA were managed according to local 
practices and the treating physician’s discretion.
4.3 Study design
The study designs were retrospective cohort studies (II, III and IV) and a retrospective 
cross-sectional study (I).  Data on baseline comorbidites and medication, periprocedural 
treatment, in-hospital outcomes, discharge medication and postprocedural adverse 
outcomes were collected from electronic patient records. Follow-up for these data were 
complete as patients resided within the catchment areas of Oulu and Turku University 
Hospitals as well as Satakunta and Vaasa Central Hospital for the treatment of the 
measured outcomes. Data on date and mode of death was complete and was obtained 
from the Finnish national registry, Statistics Finland. 
Data for Study I was collected as part of a larger study assessing blood product use and 
bleeding complications in cardiac surgery in Western Finland. To identify the use of 
blood products as predictors of stroke, the amounts were divided into classes: 0, 1-2 or 
>2 units of red blood cells (RBC), 0, 1-8 or >8 units of platelets and 0, 1-4 or >4 units 
of Octaplas®. The sum of these products was used as an estimate of blood product 
consumption and indicator of patients who received large amounts of products (with the 
assumption that those receiving the highest classes were at the highest risk of stroke). 
Data was collected up to discharge or in-hospital death.
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Data-collection periods were January 2001 to January 2011 for Study II (no data on PCI 
prior to 2002 due to lack of electronic records). Mean follow-up was 3.6 ± 2.6 years.
Baseline data on patients for Study III was originally collected for the AFCAS –study 
(www.clinicaltrials.gov/ ct2/show/NCT00596570); from 2000 to 2010 for PCI patients 
(Oulu and Turku University Hospitals and Satakunta Central Hospital) and from 2004 to 
2010 for CABG patients (Oulu and Turku University Hospitals). Patients who had other 
indications for warfarin in addition to AF (e.g. heart valve prostheses, thromboembolic 
complications etc.) were excluded and data was complemented with information on late 
adverse events and data on mode and date of death up to last follow-up in June 2011. 
Mean follow-up was 2.9±1.6 years.
Table 1. Adverse events 6 months or later after isolated CABG (404 patients) and time to event.
MACCE type Number of events Median time to event (days) Range (days)
Stroke/TIA 17 779 213-1602
Myocardial infarction 11 558 536-772
Cardiac death 8 840 475-1128
The patient population for study IV was the same as for study I from Turku University 
Hospital complemented with data on late adverse events and date and mode of death as 
well as HRQOL scores at baseline and 6 months postoperatively. Last follow-up was 
in June 2012. HRQOL scores were measured with the EQ-5D –questionnaire for all 
patients as part of routine quality control at the intensive care unit of Turku University 
Hospital. Patients undergoing elective or urgent surgery filled out the questionnaire 
on the day prior to surgery and patients undergoing emergency surgery filled out the 
questionnaire as soon as they were able. Patients were asked to describe the quality of 
life of the last 2 weeks preceding surgery. All surviving patients were sent the second 
questionnaire by mail at 6 months postoperatively and in case of non-responders a 
maximum of two repeat questionnaires were sent. The obtained population was 
divided into two study groups: patients who did not suffer subsequent adverse events 
(No MACCE -group) and patients who suffered adverse events after completion of 
the second questionnaire at 6 months (MACCE –group). Adverse events and time to 
their occurrence are described in table 1. Mean follow-up was 38.6±10.5 months from 
index operation.
4.4 Outcome endpoints
Main outcome endpoints were all-cause mortality, occurrence of stroke, repeat 
revascularization, acute myocardial infarction, major bleeding, health related quality of 
life and major adverse cardiac and cerebrovascular events (MACCE) at follow-up.
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Predictors of adverse events were also assessed as descriptors of outcome. 
Stroke was defined as a new neurological deficit that lasted over 24 hours and was 
accompanied by a radiographic finding on computed tomography or magnetic resonance 
imaging. In cases where no radiographic confirmation was seen or available, stroke was 
based on clinical findings on examination by a neurologist.
Acute myocardial infarction was defined as new onset symptoms suggestive of 
myocardial infarction accompanied by ST-segment elevations or cardiac biomarker level 
changes in accordance with the 3rd edition of the Universal Definition of Myocardial 
Infarction (Thygesen et al 2012).
Repeat revascularization was defined as any new non-staged PCI (including balloon 
angioplasty) or CABG procedure performed after the index procedure.
Major bleeding was defined as cardiac tamponade, intracranial bleeding, any fatal 
bleeding or any bleeding requiring operative intervention.
MACCE was defined as a composite of death, myocardial infarction, stroke, repeat 
revascularization and major bleeding in study III and a composite of death, myocardial 
infarction and stroke in Study IV.
Health-related quality of life and changes thereof were measured with the EuroQOL-5D 
instrument.
4.5 Statistical analyses
All statistical analyses were performed with SPSS v. 17-20 statistical software (IBM 
SPSS Inc., Chicago, Ill., USA).
A p-value of <0.05 was considered statistically significant. Continuous variables are 
reported in mean ± standard deviation. HR indicates hazard ratio and CI indicates 
confidence interval
In study I Pearson’s chi-square test, Fisher’s exact test and Mann-Whitney’s test were 
used for univariate analysis. Correlations between continuous variables were assessed 
by Spearman’s test. Multivariate analysis employed Cox’s regression method with 
backward selection and including only variables of statistical significance on univariate 
analysis. Predetermined cutoff values for amounts of transfused blood products were 
confirmed on Classification and regression tree (CART) analysis. A propensity score was 
calculated to control for all known patients’ factors that might be related to the decision 
to administer blood products. The propensity score was used to adjust when determining 
predictors of stroke.
Study II employed Fisher’s exact test, the Mann-Whitney U test, and the Kaplan-Meier 
test for univariate analysis. The Log-rank (Mantel-Cox) method was used to evaluate 
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between groups differences on Kaplan-Meier –analysis. Logistic and Cox regression 
analyses with backward selection by including variables with p <0.05 on univariate 
analysis were used for multivariate analysis. To adjust for differences in treatment 
method a propensity score was calculated and this was used for adjustment.
Baseline differences and differences in EQ-5D –scores in study III were evaluated 
with independent samples T-test (2-tailed significance) and Pearson’s chi-square test. 
Multivariate analysis was performed using the Cox proportional hazards model with 
backward selection including age, gender, history of stroke, preoperative AF, left 
ventricular ejection fraction, length of in-hospital stay, postoperative resternotomy, EQ-
5D-scores and postoperative stroke.
In study IV Chi-square test, Fisher exact test, Mann-Whitney test and Kaplan-Meier 
test used for univariate analysis. The Log-rank (Mantel-Cox) method was used to 
evaluate between groups differences on Kaplan-Meier –analysis. Multivariate 
analysis was performed with the Cox regression method by including variables of 
clinical relevance. A propensity score was calculated to adjust for between groups’ 
differences.
CART (Classification and regression tree) analysis
In study I classification and regression tree (CART) analysis was used for regression 
analysis to identify predictors of immediate postoperative adverse events. Validation of 
the classification tree procedure was assessed by cross-validation through 25 folds. The 
minimum number of patients for the parent node was set at 30 and the minimum for the 
child node was 1. The maximum classification tree depth was 5. minimum change in 
improvement was set at 0.0001. Receiver operating characteristic (ROC) curve analysis 
was used to estimate the area under the curve of probabilities values estimated by the 
CART analysis model.
Propensity score analysis
Propensity scores are calculated to overcome selection bias in observational data in 
datasets where the variables that affect the measured outcome are predictive of assignment 
to a treatment modality specifically when said treatment is the main predictor studied. It 
enables matching with lesser loss of a large number of cases. Propensity score matching 
(PSM) is useful when few cases between the studied treatment groups are comparable 
and obtaining comparable groups is not feasible or possible. The obtained score can be 
used to match cases from studied groups that have a similar probability of being assigned 
to either treatment or it can be used as a covariate.
The propensity scores for studies I to III were calculated by logistic regression analysis 
with backward selection by including clinical variables with p <0.05 on univariate 
analysis for studies I and III and p <0.20 on univariate analysis for study II. The score 
was used for one to one matching and for overall risk adjustment in I and II. One to one 
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propensity score matching between the study groups was done with a caliber width of 
0.2 of the standard deviation of the logit estimated according to Austin (Austin 2011). 
ROC curve was analyzed to assess the area under the curve for the obtained propensity 
score. Because of the limited size of the study population in study III, the estimated 





Clinically and statistically significant baseline differences between groups are presented 
in tables 2 (Study II), 3 (Study III), 4 (Study IV) and table 6 (Study I).
Table 2. Baseline variables for patients >80 years undergoing PCI or CABG.
Group









Age (years) 82.0 ± 1.7 83.3 ± 2.5 <0.0001 82.5 ± 2.0 82.6 ± 2.1 0.808
Females 107 (39%) 193 (49%) 0.010 48 (37%) 59 (45%) 0.166
Prior cardiac surgery 4 (2%) 31 (8%) <0.0001 4 (3%) 3 (2%) 1.000
Diseased vessels <0.0001 0.488
1 5 (2%) 83 (21%) 5 (4%) 3 (2%)
2 30 (11%) 170 (43%) 27 (21%) 34 (26%)
3 238 (87%) 139 (36%) 98 (75%) 93 (72%)
AMI <90d 154 (56%) 303 (77%) <0.0001 91 (70%) 84 (65%) 0.355
Emergent procedure 26 (10%) 125 (32%) <0.0001 23 (18%) 24 (19%) 0.872
Continuous variables in mean±standard deviation. AMI = acute myocardial infarction, CABG 
= coronary artery bypass grafting, PCI = percutaneous coronary intervention. All definitions 
according to the EuroSCORE –criteria (ww.euroscore.org)
At baseline octogenarians undergoing PCI as compared to those undergoing CABG were 
significantly older, more often female, had had previous cardiac surgery or had a recent 
AMI and more often underwent emergent procedures. CABG patients more often had 
3-vessel disease. There were no statistically significant differences in baseline variables 
between propensity matched octogenarian groups.
At baseline, patients on OAC for AF who underwent PCI compared to those who underwent 
CABG were significantly older, more often female, more often had hypertension or prior 
cardiac surgery and ACS. PCI patients also more often had ASA, clopidogrel, statins and 
β-blockers at discharge. CABG patients on the other hand more often had 2- or 3-vessel 
disease and left main stenosis.
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Age (years) 69.8±8.5 72.9±7.7 <0.001
Age ≥ 80 years 11 (9.1%) 58 (19.3%) <0.001
Females 19 (15.7%) 79 (26.2%) 0.020
Hypertension 83 (68.6%) 236 (78.4%) 0.034
Stroke/transient ischemic attack 19 (15.7%) 65 (21.6%) 0.170
Prior cardiac surgery 2 (1.7%) 48 (15.9%) <0.001
Acute coronary syndrome 26 (21.5%) 162 (53.8%) <0.001
Two or three-vessel disease 115 (95.0%) 181 (60.2%) <0.001
Left main stenosis 39 (32.2%) 21 (7.0%) <0.001
LVEF <30% 6 (5.0%) 14 (4.7%) 1.000
Preoperative INR 1.9±0.6 2.3±0.6 0.067
CHADS2 -score 2.0±1.2 2.1±1.2 0.613
Aspirin at discharge 59 (49.6%) 275 (91.4%) <0.001
Clopidogrel at discharge 8 (6.8%) 291 (96.7%) <0.001
Statin at discharge 88 (73.9%) 262 (89.1%) <0.001
β-blockers at discharge 110 (93.2%) 257 (87.4%) 0.088
Continuous variables in mean±standard deviation. AMI = acute myocardial infarction, 
CABG=coronary artery bypass grafting, CHADS2=Congestive heart failure, Hypertension, Age≥75 
years, Diabetes, Prior Stroke or TIA or Thromboembolism (Gage et al 2001), LVEF=left ventricular 
ejection fraction, INR = international normalized ratio, PCI=percutaneous coronary intervention
At baseline patients in study IV who suffered late MACCE as compared to those who 
didn’t more often had a LVEF<30% and more often had suffered in-hospital postoperative 
strokes.
Table 4. Baseline variables for patients with and without late (>6 months postoperatively) 






Age (years) 66.1 ± 8.1 67.6 ± 9.5 0.35
Females 86 (23.3%) 8 (22.9%) 0.95
Recent AMI <90d 59 (16.0%) 6 (17.1%) 0.86
LVEF <30% 15 (4.1%) 5 (14.3%) 0.008
Urgent/emergent CABG 144 (39.0%) 14 (40.0%) 0.91
In-hospital stay (days) 7.6 ± 3.5 8.8 ± 7.0 0.08
In-hospital postoperative stroke 2 (0.5%) 8 (22.9%) 0.001
Continuous variables in mean±standard deviation. AMI=acute myocardial infarction, 
CABG=coronary artery bypass grafting,  LVEF=left ventricular ejection fraction, MACCE=major 
adverse cardiac and cerebrovascular event
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5.2 Survival
In-hospital mortality after CABG was 2.2% (Study I). Mortality at 30 days for CABG 
vs PCI was 8.8% vs 7.4% for octogenarians and 3.3% vs 2.3% for patients on OAC. 
Actuarial survival is shown in figures 1-3. Predictors of survival for patients >80 years 
old are shown in table 5.
Table 5. Predictors of mortality in octogenarians after PCI or CABG.
Variable Cox proportional hazard (HR, 95% CI)
Age 1.118, 1.056–1.183
Serum creatinine 1.006, 1.004–1.008
Pulmonary disease 1.941, 1.344–2.804
Diabetes 1.627, 1.193–2.218
Recent AMI <90d 1.606, 1.163–2.217
Neurologic dysfunction 2.575, 1.254–5.289
Peripheral arterial disease 1.557, 1.045–2.319
Emergent procedure 1.644, 1.202–2.249
AMI=acute myocardial infarction, CABG=coronary artery bypass grafting, CI=confidence 
interval, HR=hazard ratio, PCI=percutaneous coronary intervention. Criteria as in Euroscore.
In patients on OAC for AF after adjusting for age, gender, previous cardiac surgery, 
recent AMI, ACS, left main stenosis and multivessel disease, patients treated with PCI 
had a higher predicted risk of mortality compared to CABG patients (HR 2.035, 95% 
confidence interval 1.049-3.949) and also after adjusting for propensity score (HR 2.166, 

































































Figure 3. Survival (%) for patients on OAC for atrial fibrillation after CABG and PCI.
5.3 Stroke
Predictors of stroke are shown in tables 6 (Study I) and 7 (Study IV).Treatment group 
(PCI or CABG) did not predict stroke on Cox regression in patients on OAC for AF 
(Study III) with or without adjustment for propensity score.
Actuarial freedom from stroke in Study III is presented in figure 4. Frequency of stroke 
according to different amounts of postoperative blood product administration are 
demonstrated in figures 5 and 6 and results of the CART –analysis in figure 7.
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Table 6. Predictors of postoperative stroke (n of strokes = 53, 2.4%) after isolated coronary artery 
bypass grafting (n=2226).






Age (years) 67.1±9.2 0.047
Creatinine (μmol/L) 90±52 <0.0001 1.003, 1.000-1.006
Atrial fibrillation (preoperative) 187 (8.4%) 0.011
Peripheral arterial disease† 201 (9.0%) 0.011 2.409, 1.149-5.052
Preoperative clopidogrel 613 (27.5%) 0.030
Left ventricular ejection fraction 0.037
        >50% 1651(74.2%)
         30-50% 449(20.2%)
        <30% 100 (4.5%)
Unstable angina† 329 (14.8%) 0.010
Low cardiac output sdr, postoperative† 324 (14.6%) 0.001
RBC transfusion 1134(50.9%) 0.005
RBC units transfused 2.0±3.1 <0.0001 1.121, 1.065-1.180
Octaplas® transfusion 486 (21.8%) <0.0001
Octaplas® units transfused 0.8±2.0 <0.0001
Platelet transfusion 458 (20.6%) <0.0001
Platelet units transfused 1.8±4.9 <0.0001
De novo dialysis 41 (1.8%) <0.0001
Atrial fibrillation (postoperative) 799 (35.9%) 0.043
Continuous variables as mean±standard deviation, CI = confidence interval, OR = odds ratio, 
RBC = red blood cell, †as in EuroSCORE
Table 7. Predictors of late (> 6 months) postoperative stroke after CABG.
Variable Cox proportional hazards model (HR, 95% CI)
In-hospital stay (per day) 1.271, 1.123-1.438
Postoperative in-hospital stroke 24.159, 5.946-98.1
Deteriorating EQ-5D Usual activities –score 
(per unit)
2.731, 1.219-6.119























Figure 4. Freedom from stroke (%) for patients on OAC for atrial fibrillation.
 
  




Figure 6. Postoperative stroke rates (%) after coronary artery bypass grafting according to the 
sum of any type of transfusion.
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  Figure 7. CART -analysis of postoperative stroke after CABG.
5.4 Bleeding
Rates of in-hospital bleeding events are summarized in table 8.













Cardiac tamponade, operated 6.2% 2.5% 0.3% 4.8%
Access site bleeding, operated - - 1.3% -
Intracranial bleeding 0% 0% 1.0% 0%
Gastrointestinal bleeding 0% 0% 0.7% 0%
Airway bleeding 0% 0% 0.3% 0%
RBC transfusion 50.9% - - -
Platelet tranfusion 20.6% - - -
Octaplas® transfusion 21.8% - - -
AF = atrial fibrillation, CABG = coronary artery bypass grafting,
OAC = oral anticoagulation (with warfarin), PCI = percutaneous
coronary intervention, RBC = red blood cell
Post-discharge freedom from major bleeding events after PCI and CABG in patients on 
OAC for AF is demonstrated in figure 8. For patients on OAC for AF, treatment method 





















Figure 8. Freedom from major bleeding (%) for patients on OAC for atrial fibrillation after 
CABG and PCI.
5.5 Acute myocardial infarction
Patients who underwent isolated CABG in study IV experienced 11 late (> 6 months 
postoperatively) myocardial infarctions resulting in 0.004/ person year.
Freedom from myocardial infarction after PCI and CABG in patients on OAC for AF is 
demonstrated in figure 9.
In patients on OAC for AF being assigned to PCI compared to CABG independently 
predicted myocardial infarction on logistic regression (HR 3.92, 95%CI 1.01-15.2). 
After adjustment for propensity score PCI was still a predictor of AMI (p=0.017, HR 

























In study IV, there were 15 PCI procedures performed on the patients during follow-up 
resulting in 0.01/ person year.
Freedom from repeat revascularization after PCI and CABG in patients on OAC for AF 
is demonstrated in figure 10.
In patients on OAC for AF PCI was an independent predictor of repeat revascularization 






















Figure 10. Freedom from repeat revascularization (%) for patients on OAC for atrial fibrillation 
after CABG and PCI.
5.7 Major adverse cardiac/cerebrovascular events (MACCE)
There were 36 occurences of MACCE in 35 patients in Study IV during follow-up 
resulting in 0.03/ person year. Freedom from MACCE after PCI and CABG in patients 




























MACCE = mortality, myocardial infarction, repeat 
revascularization, stroke and major bleeding
Figure 11. Freedom from MACCE (%) for patients on OAC for atrial fibrillation after CABG 
and PCI.
Predictors of MACCE after CABG are shown in table 9.
PCI was and independent predictor of MACCE in patients on OAC for AF on logistic 
regression (HR 4.9, 95%CI 1.63-14.7). After adjustment for propensity score PCI 
remained a predictor of MACCE (HR 2.347, 95%CI 1.408-3.914).
Table 9. Predictors of late (> 6 months) MACCE after CABG.
Variable Cox proportional hazards model (HR, 95% CI)
History of stroke 7.287, 1.658-32.018
In-hospital stay (days) 1.076, 1.015-1.141
Lower EQ-5D VAS at 6 months (per unit) 1.040, 1.011-1.068
Negative changes on VAS between 0 and 6 
months (per unit)
1.047, 1.007-1.089
Negative change in EQ-5D Usual activities 
-score from 0 to 6 months (per unit)
2.589, 1.278-5.245
CI = confidence interval , EQ-5D = EuroQOL-5D quality of life questionnaire, HR = hazard 
ratio, MACCE = major adverse cardiac and cerebrovascular event (death, stroke, myocardial 
infarction), VAS = visual analogue scale
5.8 Health related quality of life (HRQOL)
EQ-5D –scores are summarized in table 10. Statistically significant differences in 
changes for EQ-5D –scores between MACCE –patients and No MACCE –patients are 
visualized in figures 12 and 13 and changes in VAS –scores in figure 14. MACCE –
patients scored worse at 6 months on VAS and declined on the caring for self – and usual 
activities subscales between baseline and 6 months.
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Table 10. EuroQOL-5D scores at baseline and 6 months after isolated coronary artery bypass 
grafting.
No MACCE MACCE p-value
VAS, 0 months 65.9 ± 21.2 67.1 ± 14.9 0.77
Mobility, 0 months 1.51 ± 0.62 1.49 ± 0.66 0.86
Caring for self, 0 months 1.13 ± 0.40 1.12 ± 0.33 0.90
Usual activities, 0 months 1.19 ± 0.46 1.08 ± 0.28 0.22
Pain, 0 months 1.71 ± 0.59 1.57 ± 0.61 0.18
Anxiety/depression, 0 months 1.29 ± 0.51 1.11 ± 0.32 0.005
VAS, 6 months 77.2 ± 16.5 68.2 ± 20.2 0.004
Mobility, 6 months 1.37 ± 0.50 1.43 ± 0.56 0.52
Caring for self, 6 months 1.10 ± 0.33 1.20 ± 0.47 0.10
Usual activities, 6 months 1.31 ± 0.52 1.49 ± 0.66 0.06
Pain, 6 months 1.44 ± 0.53 1.51 ± 0.51 0.45
Anxiety/depression, 6 months 1.18 ± 0.40 1.17 ± 0.38 0.94
ΔVAS 11.8 ± 24.1 3 ± 22.6 0.07
ΔMobility −0.14 ± 0.69 −0.06 ± 0.68 0.52
ΔCaring for self −0.05 ± 0.43 0.16 ± 0.55 0.03
ΔUsual activities 0.07 ± 0.60 0.48 ± 0.71 0.01
ΔPain −0.27 ± 0.69 −0.06 ± 0.73 0.09
ΔAnxiety/depression −0.11 ± 0.58 0.06 ± 0.48 0.10
MACCE = major adverse cardiac and cerebrovascular event (death, stroke, myocardial infarction), 
VAS = visual analogue scale (0-100). Δ = change from 0 and 6 months. Positive changes on VAS 














Results as mean and standard deviation, p=0.03 
Figure 12. Change on EQ-5D caring for self -subscale scores between 0 and 6 months 
















Results as mean & standard deviation, p=0.01 
Figure 13. Change on EQ-5D usual activities -subscale scores between 0 and 6 months 
















Results as mean and standard deviation, p=0.07
Figure 14. Change on EQ-5D visual analogue scale scores between 0 and 6 months postoperatively 
after CABG for patients with and without late MACCE (death, stroke or AMI).
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6. DISCUSSION
6.1 Blood products and the risk of postoperative stroke
Transfusion of blood products is a frequent occurrence after cardiac surgery; in the 
United States, 20% of blood transfusions are given after cardiac surgery although 
cardiac surgery does not account for nearly that proportion of all surgical procedures. 
Up to 60% of cardiac operative patients receive blood transfusions (Snyder-Ramos et 
al 2008, Speiss et al 2002, Stover et al 1998). Although preoperative anemia is a risk 
factor for adverse outcome after cardiac surgery (Karkouti et al 2008, van Straten et al 
2009) and thus partially explains the correlation between blood product administration 
and adverse events in this study, there is increasing evidence that administration of 
blood products is also independently linked to postoperative complications after cardiac 
surgery: postoperative infections (Chelemer et al 2002, Rogers et al 2009, Sharma et al 
2002, Solh et al 2006), short- and long-term mortality (Engoren et al 2002, Kuduvalli et 
al 2005, Murphy et al 2007, van Straten et al 2010, Surgenor et al 2009), acute kidney 
injury (Karkouti et al 2011) and even gastrointestinal complications (Hashemzadeh et al 
2012). Interestingly, a study comparing Jehovah’s witnesses (who do not receive blood 
products at all due to religious restrictions) with a normal cardiac surgical population 
corroborated the link between blood transfusion and adverse outcomes (Pattakos et 
al 2012). Our study showed that the previously described correlation between blood 
product administration is dose-dependent and administration of all three types of blood 
products is especially detrimental. In daily practice, an ever more meticulous hemostasis 
and a conservative approach to transfusions might help prevent postoperative strokes. 
6.2 Octogenarians and revascularization
The main finding of this study concerning revascularized octogenarians was that overall 
CABG conferred better survival than PCI at 5-years follow-up. Survival was at 70 % 
after CABG which is comparable to the 73.3% of the age-matched general population 
(Statistics Finland) and a previous report from Finland (Vasques et al 2013). Mortality 
for CABG in the present study was 8.8% which is somewhat higher than that reported 
by others (McKellar et al 2008, Raja et al 2013, Vasques et al 2013), but taking into 
account the excellent long-term results, probably reflects a confident approach in 
operating octogenarians in Western Finland. Additionally patient selection probably 
varies between studies. Results for PCI were also in line with previous reports (McKellar 
et al 2008, Rittger et al 2012), although these did not elaborate on long-term follow-ups.
Multivariate analysis suggested that there was no difference in outcome between 
octogenarians treated with PCI and CABG. This is most certainly due to a selection bias. 
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In other words, although baseline values do not appear very different, after adjustment 
they cannot account for clinically evident factors in the elderly, namely frailty and 
dementia. Frailty has been repeatedly shown to be a predictor of poor outcome in elderly 
patients (Ekerstad et al 2011, Partridge et al 2012, Sirola et al 2011,). Its usefulness 
in risk prediction has been alluded at (Afilalo et al 2012, Bagnall et al 2013) and it 
would be interesting to know how matching or stratifying the two groups for frailty 
would influence the results, as the presence of frailty has been demonstrated to increase 
mortality for cardiac surgery and transcatheter valve replacement 2 to 4 –fold (Green et 
al 2012, Lee et al 2010, Sundermann et al 2014). Quantifying frailty in real life, however, 
can be foreign to cardiovascular clinicians and overall the predictive accuracy is not self-
evidently established as there is a significant amount of false positive classification with 
frailty assessment tools (Daniels et al 2012, Pijpers et al 2012).
It appears that careful selection and assessment of frailty bedside are needed when 
weighing treatment options in octogenarians. 
6.3 Warfarin treatment and outcomes after coronary revascularization
The present study presents the only direct comparison of outcomes for patients with 
warfarin for AF who have undergone coronary revascularization. It appears that in 
Western Finland patients on OAC for AF are treated fairly accurately according to 
general recommendations on choice of revascularization based on the differences in 
preoperative characteristics and distribution of single-vessel and multi-vessel disease.
Within this data, the major finding was that 3-year survival and freedom from MACCE 
are better for patients treated with CABG even when adjusted for important clinical 
variables or propensity score. Mortality was relatively high during follow-up (13.6% 
for CABG and 28.0% for PCI at 3 years) when comparing to general CABG and PCI 
populations, but in line with earlier reports on patients with preoperative atrial fibrillation 
(Bramer et al 2010, Ngaage et al 2007, Tanaka et al 2012). This underlines the notion 
that patients with AF are at a high risk for mortality. This study had a small proportion of 
patients who underwent surgical ablation for AF during CABG. It would be interesting 
to know how a more aggressive approach towards ablation would affect long-term 
survival. Although there is currently good evidence that ablation appears effective in 
reducing recurrence of AF (Damiano et al 2013, Proietti et al 2014, Santangeli et al 2013) 
there is no direct evidence of a mortality benefit from ablation and even the effect on 
HRQOL is ambiguous (Neyt et al 2013). There is, however, an ongoing study comparing 
catheter ablation to conservative treatment which might elucidate this question (Catheter 
Ablation vs Anti-arrhythmic Drug Therapy for Atrial Fibrillation Trial, ClinicalTrials.
gov NCT00911508).
Our study showed similar rates of major bleeding episodes for both treatment groups 
during the entire follow-up. Bleeding is a complication feared by both patients and 
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clinicians. This is reflected by a previous study showing that patients with long-term 
OAC with warfarin are less likely to be referred for coronary angiography and invasive 
treatment, primarily due to fear of bleeding (Wang et al 2008). This fear, however, 
appears exaggerated based already on an earlier study on CABG bleeds (Airaksinen et al 
2011) and similarily, studies on PCI have reported comparable proportions of  bleeding 
events for patients with and without OAC (Kiviniemi et al 2012, Rossini et al 2008, 
Rubboli et al 2013, Yoon et al 2013). The present study corroborates that bleeding events 
are rather infrequent during the early perioperative period and that there is no difference 
between PCI and CABG patients on warfarin. Serious bleeding events in this data even 
during 3-years follow-up were also identically frequent in groups and bleeding rates for 
PCI were similar to earlier reports (Enomoto et al 2013, Hansen et al 2010).
MACCE rates at 3 years were lower after CABG which is partly explained by a higher 
incidence of AMI and repeat revascularization after PCI, which again is in line with data 
on patients with no OAC as previously shown (Mohr et al 2013).
Although the data herein presented is the best comparative data available, it has several 
limitations. Most importantly, the data is retrospective and quite small, which makes 
adjusting for confounders difficult as many baseline values cannot be accounted for based 
on patient records. This makes the data primarily descriptive. Although no superiority 
can be established based on this data it can be speculated that the findings described here 
offer no reason to deviate from general recommendations on choice between PCI and 
CABG based on presence of warfarin treatment.
6.4 HRQOL and its correlation with late outcome
In the present study, lower scores on the EuroQOL-5D Visual Analogue Scale correlated 
with later MACCE. Worsening scores on the VAS and on the Usual activities subscale 
between 0 and 6 months after CABG were independent predictors of later MACCE on 
Cox regression analysis. Patients who did not experience later MACCE reported VAS-
scores comparable to population norms. Declining function as measured by the Usual 
activities subscale also predicted stroke.
Non-responders (i.e. CABG patients from the same time period who did not fill out 
both EQ-5D –questionnaires) were more often in need of acute surgery, more often 
had a recent AMI and more often had a depressed ejection fraction but otherwise 
similar in regards to baseline variables. This could potentially bias the EQ-5D –results; 
acute patients often filled out the questionnaire postoperatively which gives rise to a 
potential for recollection bias as patients were asked to assess HRQOL within the 2 
weeks preceding surgery. Consequently non-responders who underwent acute surgery 
might have judged their HRQOL lower than it actually was. Excluding these patients, 
however, most likely only dilutes the results and consequently would not alter the 
conclusions.
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Previous studies have identified several cardiovascular risk factors that influence quality 
of life in CAD patients and after cardiac surgery (De Smedt et al 2013, Grothusen et al 
2013, Koch et al 2004, Sjöland et al 1999); preoperative quality of life, gender, baseline 
comorbidities (AF, COPD, lowered EF, history of AMI or stroke, diabetes, peripheral 
arterial disease etc.) and postoperative complications (infection, resternotomy for 
bleeding, postoperative stroke, etc.). Many of these are known risk factors for mortality 
after CABG (Mattila et al 1990, Toumpoulis et al 2004 and 2006). Psychological 
factors have also been shown to affect HRQOL after CABG, but whether these are truly 
independent predictors or markers of HRQOL is debatable (Middel et al 2013), although 
Vainiola et al, in contrast, showed in their 2013 study that factors affecting mortality and 
HRQOL after CABG can be different. It can be speculated that quality of life might be 
a compound indicator of risk factor burden which is actually in concordance with the 
World Health Organization definition: “a state of complete physical, mental and social 
well-being and not merely the absence of disease or infirmity.”
Other studies have already shown that self-reported HRQOL predicts later survival 
in other patient populations such as patients with congestive heart failure, elderly 
nonsurgical patients,  patients with atrial fibrillation and surgical cancer patients (Chapa 
et al 2013, DeAguiar et al 2013, Djärv et al 2011, Hoekstra et al 2013, Hutchinson 
et al 2013, Sharma et al 2013). The correlation of stroke and HRQOL has also been 
previously demonstrated in non-surgical patients (Myint et al 2007). Preoperative quality 
of life has also been identified as a predictor of mortality after CABG up to 6 months 
postoperatively (Rumsfeld et al 1999, ter Horst). This study suggests that the predictive 
value of postoperative HRQOL extends further.
The finding that scores and changes, specifically on the VAS, predict or correlate with 
future morbidity suggest that a simple self-reported assessment of health and quality of 
life ranging from 0 to 100 is fairly indicative of later outcomes. Several studies on self-
reported health as a predictor of outcomes (DeSalvo et al 2006, Miilunpalo et al 1997, 
Pietiläinen et al 2011) have reduced reporting to one question: “Generally speaking, 
how would you describe your health status: excellent, very good, good, fair, poor?”. A 
reported less than good (i.e. fair or poor) health strongly predicted later disability and 
mortality in these studies. These findings suggest that a patient’s subjective rating of 
diminished overall well-being is a red flag for clinicians and warrants further evaluation. 
A cheap and easily administered self-assessment tool such as the VAS could help focus 
costly screening methods and reduce expenditure for those most likely to be in their 
need.
All of the MACCE occurences in this study were acute in nature, meaning that they were 
not heralded by previous health care contacts. Predicting these events in patients who 
have undergone CABG is complicated; risk factors that are used for prediction in other 
populations (D’Agostino et al 2001) are already largely present. Risk factors specifically 
related to long term outcome after CABG have been identified, but they are mostly 
preoperative factors (Koch et al 2003, Wu et al 2012, Yoon et al 2013) making them 
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consequently largely non-modifiable postoperatively. Additionally they do not explain 
a vast majority of poor long term outcomes (Filardo et al 2012), which alludes to the 
importance of preventing later new onset morbidity and on the other hand suggests the 
presence of unknown risk factors as pertinent to already known disease burden. Hence 
the assessment of changes in HRQOL offers a useful addition to the armamentarium of 
clinicians who treat coronary patients. The results of this study are limited by a small 
patient population, which warrants further validation and identification of cutoff values 
with larger study groups and possibly prospective registries.
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7. CONCLUSIONS
Based on our studies on short and long-term outcome after coronary interventions, we 
conclude the following:
1.  The use of blood products after coronary artery bypass grafting has a clear dose-
dependent association with the risk of postoperative stroke and especially when 
solvent/detergent treated plasma and platelets are administered
2.  Octogenarians with CAD treated with CABG have a better survival than those 
treated with PCI. When adjusted for important risk factors PCI and CABG confer 
similar survival rates
3.  Mid-term outcome in patients on oral warfarin for AF is significantly better after 
CABG than PCI and the difference is driven by an increased risk of mortality and 
revascularization and not thromboembolic or bleeding events
4.  CABG offers a significant improvement in HRQOL as measured by EQ5D at 6 
months compared to baseline values and a decline in function and VAS on EQ5D 
and 6 month VAS values predict later MACCE –events
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